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Abstract: We report a new horizontal Global Positioning System velocity field in the Chinese mainland from the 
data analysis of about 2000 GPS sites observed in 2009, 2011 and 2013 through three campaigns of the 
CMONOC project. Assuming the crustal block to characterize their kinematic behaviors, we estimate parame-
ters of 22 crustal blocks to fit the GPS-derived velocity by using GIPSY software. We restrict us to compare two 
competing models in which the rigid blocks and the deforming blocks are involved. Our modeling suggests that 
the most crustal blocks characterized by coherent movement and internal strain may be better in describing the 
kinematics of crustal deformation in the Chinese mainland. 
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1 Introduction 
In China, active faults play a very important role in ac-
commodating crustal motion associated with the colli-
sion between India and Eurasia and dominating deform-
ation pattern in the effected regions[ 11 • Following to 
plate tectonics , these faults appear to divide the whole 
region into several active tectonic blocks[2J, which be-
have as like plates with coherent motion with little in-
ternal strain. However, there is no agreement in descri-
bing crustal blocks so far. The proposed block models 
are different in block boundary and configuration , es-
pecially the blocks in the Qinghai-Tibetan Plateau and 
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its marginal areas , which are still uncertain owing to 
complex styles of deformation and different behaviors of 
faulting[3- 91 • Furthermore, what is the present-day sta-
tus of crustal motion and deformation in these regions? 
Which model is appropriate to describe the crustal mo-
tion and deformation? These questions have been the 
hot issues of crustal motion and deformation in Chi-
na[3,7,B,10-13J. 
In addition , the installation of Crustal Movement 
Observation Network of China ( CMONOC) , now pro-
vides an unprecedented opportunity to use nationwide 
GPS data to constrain the kinematical model for the 
crustal deformation in China[4- 6 ' 13 ' 141 • 
In this study, the GPS (Global Positioning System) 
data from about 2000 CMONOC campaign sites were 
processed by which the present-day status of crust mo-
tion and deformation was analyzed. Furthermore, the 
preferred crustal model is obtained through statistical 
analyses of postfit residuals of the existing block models 
to the CMONOC velocity field. 
2 Geodesy and Geodynamics Vol.S 
2 Data 
2.1 Tectonic background 
The deployment of the CMONOC campaign sites is re-
lated to the tectonic settings of the Chinese mainland, 
which makes it of great convenience to monitor slip of 
major faults and motion of active tectonic blocks. For 
example , Himalaya ' s Main Boundary Thrust faults, 
Karakorum-Jiali fault, Kunlun fault and Altyn Tagh 
fault in the Qinghai-Tibetan Plateau, North and South 
Tianshan faults in northwestern China, Red -river fault, 
Xianshuihe-Anninghe-Zemuhe-Xiaojiang faults and 
Longmenshan faults in the southwestern China, and 
Dabieshan faults and Tanlu faults in the eastern China. 
Ding et al [2J divide the Chinese mainland into six ac-
tive tectonic blocks from geological view, such as 
Qinghai-Tibetan Plateau , South China, Yunnan-Bur-
ma , North China and Northeast Asia. Zhang et al [ 3l 
further divided the six plate-like blocks into twenty-two 
crustal blocks according to the late Quaternary faulting 
in China , shown as figure 1. In the Zhang ' s model , 
the Qinghai-Tibetan Plateau ( A ) is composed of six 
lock 
crustal blocks: Lhasa (Al), Qiangtang (A2), Bayan-
har ( A3) , Qadam ( A4) , Qilian (AS) and Sichuan-
Yunnan ( A6 ) . In the northwestern China ( B ) are 
there the Tarim ( Bl ) , Tianshan ( B2) , Junggar 
( B3) , Alashan ( B4) , Altay ( BS) and Sayan ( B6) 
blocks. The Yunnan-Burma region (C) mainly consists 
West Yunnan ( Cl) and South Yunnan ( C2) blocks. 
In the northeast Asia (D) , the crustal blocks are Xin-
gan-Dongmeng ( Dl ) , Northeast China ( D2) and 
Y anshan ( D3) blocks. In North China ( E) are there 
the Ordos ( El) , North China ( E2) and East Shan-
dong-Yellow Sea ( E3 ) blocks, and in South China 
(F) , the South China ( Fl ) and South Sea ( F2) 
blocks are used. 
2.2 GPS data 
2.2.1 GPS data summary 
CMONOC consists of fiducial network and regional net-
work. There are 260 continuous operation stations in the 
fiducial network. However so far only GPS data from 
24 7 stations actually be available, the rest are either 
still under construction or data telecommunication and 
power supply problems . Most of data we processed are 
. .. ~ ..... 
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Figure 1 Distribution of active faults, tectonic-block regions and blocks in Chinese mainland and its vicinity 
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from September 10, 2010 to October 27, 2013 with an 
averaged interval of about 690 day. There are about 
2000 campaign stations in the regional network. The 
first-epoch campaign began from April 1 to October 31, 
2009. We processed data from 1994 regional sites for 
constraining the velocity field. The second campaign 
began from February 22 to September 11, 2011 , and 
we processed data from 2002 regional sites for the ve-
locity field. The third campaign began from March 21 
to October 4, 2013, and we processed data from 1976 
regional sites for the velocity field. In these campaigns, 
observing session is 4 consecutive days ( 96 hours at 
minimum) per site and sampling rate is set to 30 sec-
onds. The three campaigns have 1984 common sites 
that form the CMONOC velocity field in 2009-2013. 
2.2.2 GPS data processing 
In this paper, we adopted the Gll'SY/OASIS-II ( Ver-
sion 5. 0) software to process these data. We used Pre-
cise Point Positioning ( PPP) mode to cope with the 
great quantities of data and reduce computing time. 
Meanwhile, we took advantage of JPL' s reanalysis set 
of orbit and clock products , refined absolute antenna 
phase center models, the GMF tropospheric mapping 
function, and the ocean tide models FES2004 and 
TPX07.0 to reduce various kinds of model errors[I4,1Sl. 
In addition , the coseismic and postseismic effects of 
the earthquakes, such as the 2008 Mw7. 9 Wenchuan 
earthquake, the 2011 Mw9. 0 Tohoku earthquake and 
the 2013 Mw6. 7 Lushan earthquake, are taken into 
account in the processing. For the sites, which are in-
fluenced greatly by these earthquakes , different strate-
gies are adopted to deal with them in this paper. On 
one hand , the coseismic and postsesimic effects are re-
moved by the published coseismic models of these e-
vents[t6-tRJ. On the other hand, we just used the sur-
veys before the earthquake to estimate the final velocity 
filed [ 14] • In order to transform each daily solution into 
the ITRF2008 reference frame , we also processed the 
data from some stable IGS sites around the Chinese ma-
inland simultaneously, such as ARTU, DAEJ, IISC, 
IRKT, KIT3, KOKB, KUNM, LHAZ, MDVJ, NTUS, 
PIMO, POL2, TSKB, ULAB, RUMG and ZECK, 
which are used to do the seven-parameter similarity 
transformation. Figure 2 shows the present-day horizon-
tal velocity view of CMONOC sites in the Chinese ma-
inland, with reference to ITRF2008. Compared with 
the previous velocity fields[ 12- 14l, it has a higher reso-
lution and its uncertainties are mostly less than 2 mm/ 
a, 1 mm/ a, and 5 mm/ a in east, north and vertical 
direction separately. 
3 Model 
3. 1 Blocking models for crustal movement and 
deformation 
In order to analyze the present-day crustal movement 
and deformation of these blocks , an appropriate model 
is required. There are many models adopted to describe 
it[ 4 •7 •8•20- 221 • In one hand, the geometrical differences 
among the proposed models are caused by diflerent 
considerations of block boundary in terms of its nature , 
amount and style of deformation. In other hand, these 
models are physically grouped into two end-member 
models, rigid block model and continuum model. How-
ever it is noted that the rigid block model would con-
verge to the continuum model with downscaling of size 
of blocks [ Bl , which enable the rigid model to define 
complex crustal deformation more feasible and flexible. 
In this study we limited us to two widely adopted mod-
els: the rigid block model ( Model I) and its deriva-
tives , the deforming block model ( Model II) . 
3.1.1 Rigid block model 
When the tectonic-block region or block moves as a 
rigid body, the process can be described by Euler the-
ory about body motion at the surface of a sphere as for-
mulated below[ !9] • 
[::] = [ - rcos,\simp rsifu\ - rsinAsimp - rcos,\ TC~S(Ol 
(1) 
where, ve and vn represent the velocity of a GPS site in 
east and north direction respectively. A and 10 are the 
spherical longitude and latitude of the site separately. r 
is the radius of the Earth. w~ , Ct.ly and Ct.lz represent the 
three components of the Euler vector. 
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Figure 2 Present-day horizontal velocity in the Chinese mainland obtained from CMONOC (ITRF2008) 
Usually, Euler vector can be denoted by the follow-
ing formula[ 23l, 
l[J = arcsin(w/fl) 
A = arctan(w/wJ 
(2) 
where , A and l/J are the longitude and latitude of the 
Euler pole. [lis the angular rate. 
According to the formulae ( 1 ) and ( 2) , the Euler 
parameters of these regions or blocks in the Chinese 
mainland and its vicinity were inverted by GPS veloci-
ty, presented in table 1. 
3.1.2 Deforming block model 
Under the interaction of surrounding blocks, this kind 
of block does not only move and/ or rotate , but also de-
forms in its interior. The displacement of a block can 
be divided into three parts composed of overall dis-
placement, rotation and internal deformation. The ve-
locity of a GPS site can be defined in the following for-
mula [ 19,23]. 
(3) 
where, ve and vn are the displacement rate of a block in 
east and north direction separately. 'Po is the latitude of 
the block center. Llcp and ..1A. represent the deviation of 
latitude and longitude between the site and the block 
center, respectively. w is the angular rate of the block. 
t: e and t: n represent the normal strain rate in east direc-
tion and north direction separately. 'Yen is the shearing 
strain rate. 
Based on the formulae ( 3 ) , the parameters about 
movement and deformation of these blocks in the Chi-
nese mainland and its vicinity were inferred by GPS 
velocity with the results listed in tables 2. 
3.2 Models identification 
Although there are two different models to describe the 
movement and deformation of the block, which one is 
the optimal model? It needs model assessment to verify 
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model quality. Here , we judge them in light of model 
unhiasedness and validity. To do this we compute sta-
tistical significances defined as follows 123l, 
are differential velocity between the modeled and 
the observed in east direction and north direction sepa-
rately . .d.v., and .d.vn are their corresponding averages. 
(4) L [ (.dv,,, - .dv,}' + (.dv,,, - .dv,) 2 ] 
where, T.411 is the expectation of residual error, which 
represents the unhiasedness of the model. H its value is 
closer to zero, the model is more unbiased. Ll.v., and.Ll.vn 
T"" = 
.. 
-'-'~-=-' ---~c------ (5) 
where, T u2 is the variance of residual error, which 
•• 
Table 1 Euler vector, statistics and motion parameters of active blocks in the Cblnese mululaod by Model I 
Index of Number 
blocks of sites 
A 369 
A.! 53 
A.2 60 
A.3 63 
A.4 48 
A.5 50 
A.6 95 
B 241 
B.! 72 
B.2 43 
B.3 72 
B.4 40 
B.5 14 
B.6 0 
c 96 
C.! 26 
C.2 70 
D 250 
D.! 85 
D.2 43 
D.3 122 
E 423 
E.! 84 
E.2 246 
E.3 93 
F 332 
F.! 316 
F.2 16 
(D( 0) 
3.72±0.03 
63.17±0.15 
-0.02±0.07 
8.94±0.08 
12.45±0.22 
33.95±0.51 
-9.03±0.07 
15.69±0.10 
-7.12±0.08 
13.86±0.49 
75.36±0.42 
51.40±0.57 
76.81±0.66 
46.25±0.62 
41.26±0.27 
59.31±0.63 
44.70±0.15 
58.04±0.25 
40.41±0.41 
46.41±0.35 
68.45±0.10 
77.93±0.06 
60.68±0.29 
70.43±0.33 
64.42±0.09 
65.68±0.09 
66.05±0.74 
A(•) 
-83.92±0.00 
-25.97±0.50 
-83.86±0.01 
-83.11±0.01 
-79.49±0.02 
-83.18±0.04 
-85.85±0.02 
-84.16±0.01 
-83.95±0.02 
-85.28±0.09 
-71.93±0.54 
89.06±0.16 
79.57±0.67 
67.45±0.53 
-73.04±0.16 
48.74±1.28 
88.86±0.08 
75.44±0.28 
-87.77±0.26 
89.29±0.20 
67.71±0.22 
-0.18±1.61 
79.65±0.32 
61.81±1.16 
74.91±0.13 
73.02±0.15 
71.15±1.38 
!l( 0 /Ma) 
0.63±0.00 
0.42±0.00 
0.78±0.00 
0.57±0.00 
0.44±0.00 
0.35±0.00 
1.14±0.00 
0.33±0.00 
0.50±0.00 
0.34±0.00 
0.32±0.00 
0.29±0.00 
0.52±0.01 
0.31±0.00 
0.82±0.01 
0.32±0.00 
0.31±0.00 
0.32±0.00 
0.35±0.00 
0.30±0.00 
0.35±0.00 
0.42±0.00 
0.33±0.00 
0.36±0.00 
0.33±0.00 
0.33±0.00 
0.32±0.00 
B,(•) L,(•) 
32.21 95.95 
30.29 86.56 
32.03 92.06 
33.67 95.41 
36.45 %.69 
37.00 100.49 
27.77 101.22 
42.53 88.54 
40.04 86.71 
42.77 83.60 
45.3 86.04 
40.06 101.49 
47.37 88.99 
24.12 100.34 
23.89 98.88 
24.20 100.89 
43.09 120.29 
46.08 121.06 
42.87 127.58 
41.09 117.18 
36.28 115.33 
37.20 109.55 
36.95 115.52 
33.70 120.04 
27.02 111.58 
27.40 111.58 
19.57 111.56 
40.96±0.01 0.17±0.01 
39.69±0.03 19.29±0.01 
45.95±0.03 6.18±0.01 
43.03±0.03 1.63±0.01 
36.80±0.03 3.18±0.01 
36.24±0.03 -2.04±0.01 
40.23±0.02 -15.40±0.01 
30.59±0.01 4.43±0.01 
30.01±0.02 9.04±0.01 
30.65±0.03 6.98±0.02 
30.03±0.02 3.36±0.01 
32.06±0.03 -4.35±0.02 
28.74±0.05 2.17±0.03 
31.10±0.02 -13.03±0.01 
27.59±0.04 -9.67±0.02 
32.39±0.02 -14.30±0.01 
31.91±0.01 -12. 74±0.01 
30.19±0.02 -13.35±0.01 
34.90±0.03 -17.13±0.02 
31.85±0.02 -10.85±0.01 
34.39±0.01 -10.41±0.01 
34.37±0.02 -9.19±0.01 
34.18±0.01 -10.49±0.01 
34.90±0.02 -11.27±0.01 
35.19±0.01 -9.44±0.01 
35.24±0.01 -9.45±0.01 
33.81±0.05 -9.22±0.03 
Notes: A. Qingbai· Tibe- plateau tectonic block region; A.! Lhasa block; A.2 Qiangtang block; A.3 Bayanbar block; A.4 Qaid· 
am block; A.5 Qilian block; A.6 Sichuan-Yunnan block; B. West China tectonic block region; B.l Tarim block; B.2 Tianshan 
block; B.3 Junggar block; B.4 Alashan block; B.5 Altay block; B.6 Sayan block; C. Dianmian tectonic block region; C. I West 
Yunnan block; C.2 South Yunnan block; D. Nortb East Asia tectonic block region; D. I Xingan·Dongmeng block; D.2 Northeast 
China block; D.3 Yansban block; E. Nortb Cblna tectonic block region; E. I Ordos block; E.2 North China block; E.3 East Shan-
dong-Yellow Sea block; F. Soutb Cblna tectonic block region; F.! South China block; F.2 South Sea block.B0 and L0 are the lati-
tude and longitude of the block center separately; V _ and V m are the horizontal velocity in east and north direction separately. 
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Table 2 Crust motion and deformation parameters of active blocks in the Chinese mainland by Model ll 
Index of blocks V, (rnmla) V, (rnmla) w('/Ma) e, (lo-• /a) e, (lo-• /a) 'Ym (lo-• /a) 
A 40.39±0.01 -0.00±0.01 0.41±0.00 2.57±0.02 7.18±0.01 -18.29±0.03 
A. I 39.61±0.03 19.04±0.01 0.48±0.01 16.72±0.11 -26.48±0.13 -5.44±0.29 
A.2 45.66±0.03 5.82±0.01 0.96±0.01 13.77±0.08 7.31±0.11 1.61±0.25 
A.3 42.50±0.03 0.94±0.01 0.71±0.01 11.24±0.06 16.30±0.13 5.40±0.25 
A.4 36.68±0.03 3.10±0.01 -0.12±0.01 -2.62±0.17 -1.70±0.20 -28.31±0.45 
A.5 36.19±0.03 -2.08±0.01 0.16±0.02 1.78±0.21 -12.11±0.25 -21.44±0.53 
A.6 40.20±0.02 -15.39±0.01 0.78±0.01 0.57±0.30 5.45±0.06 13.54±0.19 
B 30.29±0.01 4.33±0.01 0.26±0.00 1.44±0.02 -7.65±0.02 -9.76±0.04 
B.! 29.75±0.02 8.98±0.01 0.51±0.00 0.97±0.04 -5.76±0.08 -3.50±0.14 
B.2 30.60±0.03 6.98±0.02 -0.02±0.01 1.25±0.18 -29.04±0.26 -1.36±0.49 
B.3 30.01±0.02 3.35±0.01 -0.09±0.00 1.36±0.10 -5.04±0.09 -8.25±0.16 
B.4 32.00±0.03 -4.36±0.02 -0.01±0.01 -1.68±0.21 1.30±0.14 -10.82±0.29 
B.5 28.74±0.05 2.17±0.03 -0.31±0.08 -0.80±2.20 -2.12±1.06 -8.85±2.80 
B.6 
c 31.09±0.02 -13.04±0.01 0.44±0.00 16.71±0.16 -9.52±0.07 0.39±0.16 
C. I 27.58±0.04 -9.67±0.02 -0.87±0.02 -10.52±0.65 12.35±0.20 -6.79±0.59 
C.2 32.39±0.02 -14.30±0.01 0.14±0.01 18.17±0.25 -6.65±0.09 20.03±0.22 
D 31.71±0.01 -12. 78±0.01 -0.01±0.00 2.94±0.03 -0.65±0.02 -12.29±0.04 
D. I 30.04±0.02 -13.35±0.01 -0.04±0.00 1.74±0.06 0.87±0.04 -11.40±0.07 
D.2 34.71±0.03 -17.05±0.02 -0.40±0.01 19.37±0.25 2.92±0.17 -40.43±0.30 
D.3 31.81±0.02 -10.87±0.01 0.14±0.01 1.39±0.06 -3.87±0.16 -3.29±0.29 
E 34.35±0.01 -10.40±0.01 -0.00±0.00 -0.56±0.03 0.39±0.02 -4.01±0.04 
E.! 34.35±0.02 -9.19±0.01 -0.14±0.00 -0.23±0.15 2.08±0.07 -4.48±0.16 
E.2 34.15±0.01 -10.48±0.01 0.05±0.00 -2.55±0.07 0.44±0.03 -3.48±0.07 
E.3 34.87±0.02 -11.28±0.01 -0.07±0.00 4.02±0.18 -0.88±0.05 -2.87±0.13 
F 35.11±0.01 -9.36±0.01 0.06±0.00 -2.03±0.02 0.13±0.01 -0.57±0.03 
F.! 35.18±0.01 -9.37±0.01 0.05±0.00 -2.11±0.02 0.27±0.02 -0.70±0.03 
F.2 33.74±0.06 -9.23±0.03 0.02±0.02 3.27±0.40 -0.52±0.26 -6.55±0.56 
represents the validity of the model. As a rule of 
thumb , the smaller the value is , the better is the model 
in validity. L1v,,, and L1v.,, represent the ith value of L1v, 
and L1v, separately. f is the model freedom. 
CMONOC is higher than before, the sites are not even-
ly distributed for each block. There are more sites in 
some blocks than in the others. Even in one block, the 
distribution is also not uniform, actually dense in some 
parts and sparse elsewhere, shown as figure 2. The pa-
rameters may be influenced by the site density. Never-
theless , these parameters are representatives of crustal 
motion of the rigid block generally. It is in accordance 
with the overall pattern of crustal motion of the Chinese 
mainland reported by other studies1'·"l. 
4 Results 
Constrained by GPS horizontal velocity obtained from 
CMONOC, the crustal motion and deformation parame-
ters related to 22 blocks are given. The results for two 
different models are listed respectively in tables 1 and 
2. According to these model parameters, we took use of 
statistical analysis to distinguish the optimal model fur-
ther. 
In addition to the Euler parameters ( Tab. 1 ) , the 
displacement rate of the center point of the block was 
calculated as well in order to take a comparison with 
those for Model II. Although the site density of 
From table 2 , we can get that the displacement rates 
of the center point are slightly smaller than that got by 
Model I , shown in table 1. It shows that model II can 
describe the crustal movement of rigid body well. How-
ever, it does not mean that model II is the optimal 
model for all the blocks. Model I can better represent 
the character of a rigid body for some blocks. In addi-
tion, it is more convenient and less time-consuming to 
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get crustal movement parameters by Model I. Besides, 
the focus of this paper is to identify the optimal model 
type for the blocks, so we do not make much analysis 
on crustal motion and deformation parameters of active 
blocks here. 
Table 3 shows the statistics of these two different 
models. In general, the expectation and variance of re-
sidual error calculated by Model II are smaller than 
that got by Model I. In other words , the unbiasedness 
and validity of Model II is better than that of Model I. 
For example, in Bayanbar block, the ratios of above 
statistics between Model II and Model I are 59% and 
36% respectively. It means that it' s better to use mod-
el II to describe crustal kinematic features of Bayanbar 
block. It is the same case for Lhasa block , Qiangtang 
block, and the entire Qinghai-Tibetan Plateau tectonic 
Table 3 Calcnlated statistics of Model I aod Model II 
Index of Modell Model II 
blocks T,, Tu2 .d.v T., Tu 2 .J.v 
A 8.85 15.28 6.82 11.75 
A.1 5.47 6.88 2.09 1.29 
A.2 6.74 14.04 5.09 6.15 
A.3 7.36 16.26 4.35 5.83 
A.4 2.82 2.23 2.14 1.11 
A.5 2.28 1.53 1.67 1.10 
A.6 2.98 3.54 2.72 3.54 
B 3.23 3.97 2.38 2.07 
B.1 1.99 1.3 1.82 1.14 
B.2 2.49 4.77 2.22 3.46 
B.3 1.60 0.73 1.45 0.57 
B.4 2.06 1.29 1.87 1.17 
B.5 1.04 0.32 1.04 0.36 
B.6 
c 5.42 11.83 4.37 13.21 
C.! 4.50 19.72 4.57 18.10 
C.2 4.51 8.75 3.60 7.91 
D 2.82 4.33 2.29 2.78 
D. I 2.25 1.22 1.71 0.94 
D.2 4.44 6.55 3.47 5.26 
D.3 1.85 1.86 1.77 1.53 
E 2.15 2.66 2.16 2.62 
E. I 1.90 2.51 1.91 2.44 
E.2 2.23 2.84 2.23 2.84 
E.3 2.06 2.06 1.99 2.00 
F 2.27 1.78 2.08 1.64 
F.1 2.27 1.81 2.08 1.67 
F.2 1.72 1.09 1.34 0.66 
block region. However, for North China block, the a-
bove statistics are equal for Model I and Model II, in-
dicating that the block can be characterized by a rigid 
body well. Similarly, we can get the same inference for 
Ordos block, East Shandong-Yellow Sea block and the 
whole North China tectonic block region. In Altay 
bock , there is the ouly exception for the statistics got 
by Model II with greater values. It is maiuly caused by 
the extremely small amounts of the sites with the very 
uneven distribution. 
5 Conclusions 
By using the proper strategy and elaborate error correc-
tion models , the three-epoch GPS campaign data from 
about 2000 CMONOC sites was processed for a densi-
fied present-day horizontal velocity in the Chinese ma-
iuland. Based on the GPS velocity, we estimated rota-
tion parameters of 22 crustal blocks and analyzed inter-
nal deformation of these blocks. We propose to use sta-
tistical significances to verify the model quality and 
conclude that it is more appropriate to describe the 
present-day kinematics of active blocks by a crustal 
block model consisted of most deforming blocks for the 
Chinese mainland. 
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